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© Sealed storage battery and method for making Its electrode. 

© A sealed storage battery comprises a positive electrode (11) including a metallic oxide as an active materia! 
a negative electrode (10) mcluding hydrogen-occlusion-alloy powder (4) capable of charging and discharging 
.electrochem.cally hydrogen as an active material, an alkaline electrolyte, and a separator (12) for absorbing and 
•holding, the alkaline electrolyte. The hydrogen-occlusion-alloy powder (4) has a crystal structure of CaCu s 
type, is provided with numerous irregularities on the surface thereof, and has SF-value of 2.5 or below which 
SF-vaiue represents a plateau characteristic of equilibrium pressure of hydrogen releasing. The numerous 
irregularities on the surface of the alloy powder (4) causes oxygen being generated from the positive electrode 
(11) to be eliminated promptly. 
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TI LT LE ~ .OF_ THE INVENTION 
SEALED STORAGE E^TTERY AKD METHOD PQH MAKING ITS ELECTRODE 

BACKGROUND OF .THE _ INVEN TION 
This invention relates to a sealed storage battery 
5 and a method for making its electrode, and more 

particularly, the present invention relates to an alkaline 
storage battery * 

Nowadays, a lead-acid storage battery and a 
nickel -cadmium storage battery are predominantly used as a 

10 sealed secondary battery.-.-- -Although the 1 dad-acid storage 
battery is of low cost, this battery is insufficient from 
the point of the view of weight density or cycling 
life-time in the case of being used as electric power 
supply of a portable apparatus which is used for a long 

15 time. On the other hand, although the nickel-cadmium 

storage battery is of comparatively high cost, the demand 
for this battery extremely increases, and more 
particularly, this battery has become widely applied to the 
field where high reliability is required because this 

20 battery can remove the drawbacks of the lead-acid storage 
battery. Various improvements for providing with high 
capacitance have been made since it is desired for this 
nickel-cadmium storage battery to have higher energy 
density electric power supply of the portable apparatus in 

25 addition to the special merits described above* However , a 
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cacL-niun, .Xeccrgde as the native electrode has the high 
utilisation ?^tor of an active material, especially large 
electrode decrease at a high-rate discharge in comparison 
with a Bickal electrode 8S the positive electrode. 
Moreover, in th* case of constructing the storage battery 
of capacitance regulation at the positive electrode, it is 
necessary to t 4 k* a j3* wan ce except capacitance at the 
positive electrode so as to generate no hydrogen at the 
negative el strode vh«n overcharging. Therefore, the 
negative electrode has the capacitance capable of charge 
and discharge larger than the positive electrode. 
Moreover, it i* necessary for the porosity of he negative 
electrode to be increased to an optimum value in order that 
an overcharge, oxygen gas generated from the positive 
electrode is efficiently absorbed by the negative 
electrode. However, it is not attainable for the negative 
electrode to" have higher energy density until a rapid 
improvement is made. Therefore, there i. a limit in the 
improvement of the energy density of the nickel- cadmium 
20 storage battery v 

R&cently, a metallic oxide-hydrogen storage battery 
has attracted the attention of many people in which battery 
a hydrogen-ccciusion-alloy that can occlude and release 
•lectrochemicVily hydrogen is applied as the material of 
the negative «l«ctrode, in stead of the nickel -cadmium 
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_.j _.. 1S storage oattery, ©van if hydrogen 
is generated from the negative electrode on overcharge, 
hydrogen is dlddipated through discharge or is occluded by 
the hydrogen-occlusion-alloy of the negative electrode, in 
so far as hydrogen is not released out of the battery. 
Moreover, this storage battery has a higher energy density 
per unit vol urn* than the nickel-cadmium storage battery. 
As a result, in the case that the capacity of this storage 
battery is equal to that of the nickel- cadmium storage 
battery, this atorage battery can.be constructed such that 
the volume of the" negative electrode of this storage 
battery is smaller than that of the cadmium negative 
elecrcde. Therefore, a larger active material as the 
positive electrode can be appropriated in the residual 
space of this storage battery, so that a higher energy 
density is expected. Moreover, the material of the 
hydrogen-cccl us ion-alloy obviates the need for a metallic ' 
cadmium which is a main component of the cadmium electrode, 
so that ther* is little pollution by heavy metal or -the 
20 like. 

With these points as background, the as a new 
secondary horary is developed in various fields. However, 
many problems need to be solved if this storage battery is 
commercialised. One of the important problems is that 
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techniques for constructing a sealed scor*ohe battery by 
means of * simple method and for lengthen the life-time of 
the battery are completed like the nicked- cadmium storage 
battery which is practically applied nowadays. Namely, 
metallic ocide-hydrogen storage battery, whose maintenance 
is easy and which has high reliability, nu st be performed. 
From the above-mentioned stand point, as the condition 
which is required to the hydrogen-occlus ion-electrode using 
the hydrogen-occlusion-alloy, the 

hydrogen-occlusion-eleotrode must have a stability in 
alkaline electrolyte and occlude and release 
electronically hydrogen. Moreover, more important 
conditions, are following condition? <l)-<3>. 

(1) The hydrogen-occlusion-electrode has a large 
capacity for occluding and releasing elecfcrochemically 
hydrogen, and discharge capacitance does not decrease even 
if charge and discharge are repeated. 

(2) An ordinary sealed storage battery is designed 
such that for safety,, the pressure gas in the battery is 
kept at a given value or below with a safty valve being 
operated, when the pressure in the battery becomes 10 to 15 
kg/cm 2 . Thrafore, the material must be selected which does 

.not generate hydrogen on charging within given temperatures 
range where the battery is used since in this storage 
battery system, it is necessary to be designed as well as 
the ordinary. sealed storage battery as described above. 
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(3) The hydrog*n-occiusion-electrode must have a 
corrosion r-aistance to oxigen generated from the positive 
electrode on overcharging. Moreover, the alloy material 
must be used u.. h *ch has a function carrying out smoothly 
oxigen-elipination reaction that on the surface of the 
alloy, the reaction of oxigen with hydrogen occluded gives 
water. Moreover, it i 3 possible for the alloy material to 
construct the electrode. Although many alloy materials or 
many methods for constructing the electrode satisfying 
these conditions (1) to _(_3 ) have been contribed, these 
trials cannot reach the level of the properties of the 
sealed nickel-cadmium storage battery, i,e, the cycling 
life- time is 5 00 cycles or above, and the inner pressure of 
the battery is 5- to 10 kg/ cm 2 or below when the battery ig 
15 charged to the level of approximately 1/3 CmA. 

Concern ig (1), an alloy of A35, which is basic form 
of CaCu 5 type alloy and in which lantharum series metals 
are mainly used as A and nickel is mainly used as 3, has 
the largest possibility of a practical application 
20 nowadays. However, even if the alloy of AB 5 is used as a 
hydrogen-occlusion-elecrode, the electrode ia oxidized by 
oxigen gas generated at the positive electrode on 
overcharge to decrees* the capacity of occluding and 
releasing hydrogen, In order to solve the above-mentioned 
25 problem, the "method that the surface of the alloy is 
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covered with a metal having the property of corrosion 
resistance {Japanese patent provisional publication 
No. 61-64069 or No. 61-101957) and the method that, entire 
electrode is covers* with the. same metals described above 
(Japanese patent provisional publication No. 60-77357) are 
proposed. These methods, shows some effects. However, 
large amount of cohering metal are needed when occluding 
and releasing hydrogen constantly for a long time. 
Therefore, this fact causes the hydrogen-occlueion-alloy to 
be small in quantity relatively.... As a result, capacitance 
density par unit volume decreases, so that this is 
disadvantage in making the battery having high caoacitance. 

Concerning <2) f it is necessary to guarantee the 
safty of the battery when seeing from a standpoint of user. 
Therefore, it is necessary to provide with a safty valve 
which releases the gas generated in the battery out of the 
battery when inner pressure rises above a given value, in 
order that the battery dees not be damaged and does not 
explode in case of the abnormal increment of the inner 
pressure. However, the actuation cf the safty valve causes 
the electrolyte tc release out of the battery, so that the 
reduction of the electrolyte allows the batery property to 
deteriorate. Therefor*, it Is an effectual method for -he 
■improvement of the battery' property, especially cycling 
life- time to avoid the increment of the inner pressure. As 
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a result, the materials which doss not generate hydrogen on 
charging have been selects by using the nateriala having « 
low equilibrium pressure of hydrogen CJapanes patent 
provisional publication No. 59-131459 or No. 61-47075). 

Concerning <3), various methods have been proposed 
that oxygen gas generated when overcharging is reacted 
effectually so as to decrease the inner pressure of the 
battery. As described above, the increment of the inner 
pressure by the generation of oxygen gas is one of the 
reasons for Actuating th.ei.saf ety -valve . Therefore, it is 
necessary to change oxygen generated to water rapidly so as 
to prevent the lncr«a*nt of the inner pressure of the'' 
battery. Moreover, there is another important problem that 
alloy is oxidized by oxygen gas generated. Hydrogen is 
occluded in the inner portion of the alloy and an 
electrical potential icself does not carry out oxidation. 
However, when repeating charge and discharge, oxidation, 
progresses gradually from the surface of the alley, which 
surface is contact with oxygen, to the inner portion of the 
20 alloy. As a resulc, an electron conduction property 
decreases. Moreover, the amount of hydrogen to be 
occiluded *r,d to be released decreases, and the decrease of 
a discharge voltage and the decrease of the property of the 
cycling lif*-tl?ne arise. It i* necessary to make the 
25 elec-roce having an excellent corrosion resistance in order 
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to avoid the 4bov4"M+»t*o»«d problems. However, nowadays, 
che sealed metallic ox ids- hydrogen storage battery cannot 
be obtained which solves above-raentionsd problems (1) to 
<3) and hae high capacitance and long iife-tima. Moreover, 
it is well known that in the sealed nickel-hydrogen storage 
battery, self -discharge is large. The improvement of the 
salf-diecharg* mush be doa-% in order that this battery is 
practically applied. Therefore, tb e self -discharge of this 
battery must be improved at least to the level of the 
s^ied nickel -eadsnium stooge battery which is generally 
said that the self -discharge is large. 

N*owafi*ya f whan applied to an. ordinary use, & 
nonwoven fabric mads of a polyamids is utilized as a 
separator of the sealed nickel-cadmium storage battery. 
Moreover, a separator that surfactants are added to the 
nonwoven fabric of a poiyoiefin so as to improve the 
hydrophiile property is used £cr some batteries to be 
applied to high temperature aurviee. when the nonwoven 
fabric made cf the polyacide is applied as the separator to 
the sealed nickel -hydrogen storage battery, self -discharge 
arises extremely. This is because the surface of the 
negative electrode has R very large activity and strong 
reducing power in comparison with the cadmium electrode. 
Another reason is that polyamide is decomposed by charging 
and discharging, the resulting oxidants and raducfcants in 



. 0 271 043 

— Q _ 

the ionic st*'.-* ok noi.sr ion coexist in the electrolyte, 
and than, the action that the materials reduced at the 
negative electrode are oxidized at the positive electrode 
is repeated, i.e. KOy and NOj , so that the self -discharge 
5 increases. When the separator is used in which separator 
surfactants t us added to the nonwoven fabric of the 
polyolef i n r charge and discharge cause the property of the 
surfactants to charge so that the battery property is 
harmfully a«f*ct*d with the hydrophilic property being 

10 decreased, Therefore, .t^e separator is required which is 
chemically stable to charge or discharge, and has a strong 
hydrophilic property to the electrolyte. 

? P-MM AflY __0 F TH B I NVENTION 
The present invention has been developed in order to 

15 remove the above-described drawbacks and contemplates to 

provide a sealed storage battery having a high capacitance 
and a long life- tizne by improving a 

hydrocen-occiusion-alloy as a negative electrode and an 
electrode using this alley in order to construct a sealed 
20 metallic oxide-hydrogen storage battery. 

* hydrogen -occlusion- a Hoy is utilized as a material 
of a negative electrode, and more particularly , an alloy of 
A3 5 havi ^<J * crist a 1 s-ructure of CaCg type is utilized. 
Moreover, 3 in the alloy of is partially replaced by 
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metals _ except /sicXal so as to obtain the material having 

equilibrium diwation pressure where hydrogen is occluded 

end released sufficiently in the temperature range of the 

battery operation. Although A in the alloy of A3., 

5 — - • 

lanthanium series metals, is gradually oxidized to change 
an oxide or hydroxide by repeating charge and discharge in 
5 sealed stores battery system, it is difficult to prevent 
basically such a phenomenon , Therefore, it is very 
important to supr ess oxidizing velocity. 

In the present invention,- corrosion resistance can 
ba risen by the method that the crystallinity of the alloy 
is improved. Generally, the piuraiization of the alloy of 
AB. type causes the cr i stall inity to decrease* However, it 
is inevitable to pluralise the alloy because the alloy must 
15 have dislocation pressure of hydrogen described above- 
Therefore, in the presenc invention, the cristallinity of 
the alloy is improved by the method that the purslized 
alloy is rapidly cooled,- treated with heat, and so on. 
SF( slope factor) -value is adopted as the standard of the 
20 cristail ini ty . 

Moreover, the increment of a specific surface area , 
namely . numerous irregularities are provided on the surface 
pv the alloy in order that the reducing reaction of oxyqen 
is promptly carried out and corrosion resistance is 
incrsasad only Jn the vicinity of the surface of the 
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hydrogen-- oc. ~i i;.* ion- alloy . 

SF-va-.lu(3 wi.Xl be described hereinbelow: 
This v&lue shows the plateau characteristic of the 
hydrogen- occlusion-alloy. When hydrogen is occluded or 
5 released by oaa raactiort at a given temperature, the 
relation between the- pressure of hydrogen and hydrogen 
concentrate- in the alloy is shown as Fig. l. Using the 
pressure of hydrogen (P H /k=o.75 } when occluding hydrogen of 
75 % and the pressure of hydrogen (? H/M _ 0 25 > when 
10 occluding hydrogen of 25..%., this.. value is calculated by the 
following formula. 

SF = In {t> / ti \ 

H/M-0.7S ' *H/M«0.25 } 

BRIEF ng-SCRlPTTON OF THE DRAWINGS 
The object and features of the present invention 
15 will become r.;ore readily apparent from the folloviner 

detailed description of the preferred erabodimencs taken in 
conjunction with the accompanying drawings in which: 
Fig. 1 is a graph showing a relation between 
hydrogen pressure and hydrogen concentration in alloy 
obtained when releasing hydrogen at a given temperature 
after compressed gas ig sufficiently occluded in a 
hydrcgen-ocluaior. - alloy; 

Fig. 2 ia a sketch cross-sectional drawing of a 
hydrogen-occiusion-aUoy powder obtained according to the 
present i p.v-sns ion ; 
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Fig. 3 is a crosa-sectional view showing a structure 
in which 5. sponge-like nickel porous body is filled with 
the alloy powder according to the present invention; 

Fig. 4 is a sketch cross-sectional drawing of the 
hydrogen-occlusion-alloy powder without both acid and 
a 1 kal i t r ea n fc s ; 

Fig. 5 is a schematic drawing showing the structure 
of the storage battery of this invention; 

Fig, 6 is a graph showing a relation between 
SF- value of alloys and charge-discharge cycle of batteries 

in which there are two t-vo*s sii^a - . 

^ -yy- a o- anoys, namely, one type is 

treated with both acid and alkali according to the present 
invention and another type is not treated conventionally; 

Fig. 7 is a graph showing a relation between the 
charge-discharge 'cycle and temperatures at which electrodes 
are treated with alkali; 

Fig. 6 is a graph showing & relation between the 
charge-discharge cycle and immersion time at which 
electrodes are treated with alkali; 

Pig. 2 is a graph showing & relation between types 
of separators- and degrees of self -di scharge; and 

Fig. 10 is 4 graph showing a relation between 
contents of Manganese in alleys and degrees of 
self-discharge during preservation. 

DETAILED DESCRIPTION^ OF THS INVENTION 
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Refferina to Flos. 2 to 6, one embodiment of the 
present invention will be described hereinbelow, ■ ni.ch 
metal <m) , nickel iKi). cobalt (Co), aluminum „ d 
manganese (Mr.) ni , xsd ia the ratio of ^ ^ 

atoms as follows: 

1 : 3.5 : 0.8 0.3 , 0-4 respectively. The misch metal ia 
composed of mainly about 40 % of ceriu:n/ &bout 3Q wfc % 
of Lanthaniuai, and about 13 wt % of necdymium. The mixture 
is melted by using a hign-f requency furnace in the 
atonoaphera of inert gas. ?hs mixture is transferred to a 
container having - a cooling apparatus while .stirring, and 
then, th* mixture is rapidly cooled. The resulting alloy 
is roughly crushed with a mechaniacal means." After this, 
the alloy i, heated to 1050 °C in the atmosphere of argon 
gas and is held at 1050 °c for 3 hours, so that a 
hydrogen-occlusion-ailoy is obtained whose SF-vaiue is 2.5 
or below. Next, the alloy is crushed again to fine powder 
whose diameter U 37 ym or below. The powder is immersed 
in a dilute nitric acid (IN) f cr a few minutes, and then, 
is immersed In a kok aqueous solution (7N> at 80 °C for 30m 
minutes. sy washing with water and drying, the alloy 
powder 4 bavin* numerous irr egui ac i ti es in the vicivity of 
the surface Uy« whose depth is of approximately 0.01 urn 
is obtains. rig. 2 shows a sketch croas-sactional drawing 
of the hydrog*n-occ.lu3 ion-alloy powder obtained by the 
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above-mentioned operation, in Ff~ 2 rv«n->-*i - ^ 

~ u * ^ ^ numeral j. denotes a 

portion h&vina a hiah • 

. a p.j.q.1 vr.staliimty m the powder. On the 

other han*, numeral 2 denotes a portion having a ? oor 
cristaliinitv where the alooy doe, not be composed by the 
above-mentions expounding ratio .hen analysis in deta ti . 
Numeral 3 denotes the surface lay,, of ths alloy powder . k 
portion of (a , of the surface layer is enlarged and is 
shown in the circle. Sot . concerning the present invention, 
the mixture is melted in the high-frequency furnace which 
mixture exposition is e q o.al to that of the above-mentioned 
mixture of this invention, and then, is cooled as it is, 
namely, si oW coolings. After thiSf fchQ r€8ultleg &Uoy . g 

mechanically crushed so as to make powder having a diameter 
of 37 um or below. Fig. 4 show* a sketch cross-sectional 
drawing of the resulting powder. The meaning of the 
numeral in Fig. 4 is the same t „ Pig . 2 . In thig cage / 
this alloy powder 4 is liable to separation due to the 
difference of the specific gravity of each element, and has 

many portion wharf* f-'s-aii ^Ut, 1 ~ _ 

a " c.Swaxiinity is poor. Comparing Fig. 4 

with rig, 2, the allwv i., TLu ij.M , , ' 

all in Fig; 4 in that the alloy in Fig. 2 has a higher 
cristallinity and mere numerous irregularities on the - 
surface layer. The cristalli.nl ty of the alloy corresponds 
to the flattn ft ss of equilibrium pressure of hydrogen; 
namely SF-vaiue, which can be obtained when releasing 
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hyarogen « shovn in ?ig . , . There£ore , thQ cr istallinifcy 
iS ^'^y jessed by 5F-value. The smaller the 
8F " W1M ' '° hft hl * h « *** cri.t.Uinity even if the material 
is the sane, The SF-vaiue of the alloy in Fig. 4 is 2,7 to 
3.4 where., th, SF-vla." of the alloy in Fig. 2 is 1.5 to 
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A sponge-li** nickel porous body that porosity is 
.pproxWly 93 %, thickness is approximately 0.8 mm, and 
mean spherical «p4ce dimeter is^OO U m is fi Us d with a 
paste-like mixture of the powder 4 of 

hydrogen-occlMion-alloy of this embodiment and a 5 wt % 
aqueoua solution of a polyvinyl alcohol, and i 3 dried. The 
obtained body is pressed, and then is cut, so that the; 
resultng electrode i 6 0.5 mm thick, 39 mm wide, and 80mm 
iong, and has a capacitance ca?able of chftrge ^ dlschftrga 

of 1500 «Ah. Fig. 3 shows a rough cross-sectional view of 
this electron 10. In Fig , 3 , amml < 

powder, noneral 5 denotes a framework or the sponge-like 
nickel porous body, and numeral 6 denotes a space portion. 

The battery system in the present invention is shown 
^ Pic. 5, - The battery comprises a casing, a negative 
electrode 10, a positive electroda 11, a separator 12, an 
electrolyte., a * P *rater rr.eans, a scaling plate, a positive 
lead, a safety valve, a positive terminal, an insulator, 
and an insulating gasket. The negative electrode 10, the 
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separator l 2r * n d. the positive electrode 11 are important 
■in this Invention. Four sheets comprising the separator 30 
sandwiched between the positive electrode 11 and the 
negative electrode 10, and the separator means are wound in 
the fonp of a roll, The 'electrolyte is mainly immersed 
into the separator 12. E?sn if the electrolyte is not 
described in the battery system, the electrolyte of a 
enveationai KOK aqueous solution is used in the battery 
ayete» hereinafter. & cylindrical sealed storage battery 
of hA si-.s is constructed by the resulting electrode 10, a 
conventional nickel positive electrode 11 of foaming metal 
type, an electrolyte, and a separator 12 of a nonwoven 
fabric of a polypropylene introducing sulfonic a'cid group 
and has the capacitance of approximately 1000 mAh . The 
cycle test of charge and discharge at 20°C has been carried 
out. Charge is carried out at 100 niA for 15 hours, 
discharge is carried cut at 200 mA to 1.0 V/cell, and 
life-time U determined by the point where the capacitance 
decreases to 80% of the initial capacitance. 

Hydrooren-occlusion-alloys of this embodiment are ten 
times mads- on an experimental basis, and alloys having 
following S?- value are selected, i.e. 1.5, 2.0, 2.3 and 
2.48. On the other hand, alloys ara also made, but these 
alloys are different from the above-mentioned alloys only 
25 in that those alloys are conventionally cooled as it is, 
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namely, glow cr\oi i nc m »-v.« - 

alloys take SF-value 2.3 to 3.4, and alloyg having 
rollowin, SF-^Tue are selected, i.e. 2.52, 3.0 and 3.38. 
'"is. 6 . hw . th. resui, of th. cycle test. In Fig. 6 , the 
sables fv> to i.D' ) are- obtained without acid and alkali 

iraataent, an<5 each ooi nt in via e u c V . , 

~ u ' 1< ? • 6 is the average of 

rneasur emends of f<t>,=> e'-,,.,,^ v~ _ 

r.v* fcuoraee batteries. SF-valua is 

plotted a* absciss* against charge-discharge cycle as 
ordinate in this figure."'^ contents of the comoarison 
"mpl«., i... (B) to (D) afld {3I) tQ {Di}f ^ &g 

and ( A n win be described hereinbelov/. 
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A» is Wr5?i fro* this result, when the allov ocwder 4 is 
tr-fd with both acid end .iton. a „, i3 , tendancy fQr 
the eyeing llf-tl.. property to be improved. ^ U1 , ? , 

5 with both acl4 ,„a alksll , the cycling U£ S -ti*e property 
is .xtrenelv i^o^. HoW9var , ;„ the caga of aUoyS( 
i.e. CD) or (DM, con taining no cobalt/ the Qf ^ 

l»pro™». at i„ the *bove- m entio„ sa property i. „ aU . Pr0!r , 

these results, * <• se^ms ±c±L *u ~ ~ 

se,ms .hat the acid and alk*li treatments 

10 mainly elut-* roh? 7 f- • 

- -^a.t so .ha, irregularity on the surface of 

the aliov colder d f* ■p^^-n-j 

- - — - * is formed. Moreover, althouch the 

combination of both acid and al.ali treatments shows an 
effect, the S3 *a reau.lt can be obtained even when acid 
treatment or alkali treatment is carried oat independently 
15 for a given lone time. 

Therefore, in the electrode 10 where the negativa 
electrode material is the hydrogen-occlusion-alloy mainly 
composed of *i £ch metal and nickel end utilising at least • 
cobalt as an element to be displaced, the sealed storage 

20 battery having a long life-time C en be obtained although 
oxidation i* drastic in this battery., by the method that 
SF-value of the alloy Serial is 2. S or below, cobalt is 
sluted, and Janthanlum series metals ^nd nickel are 
contained relatively at high ratio. 

5 In this em bod i me.- 1, alloy materials have been 
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described whose basic form is MaNi 5 of Ca«.Cu 5 type. 
However; alloy materials indicated by »taNi 4 7 _, , of 
familiar hype .also have the cry3tal 8tructure of *CaCu 
type, and .h«r a similar tendency concerning the lif e^time 
property. 

The powder is treated in the- process of both acid 
and alkali -treatments of this embodiment. However, in the 
state of pole pUt« where the sponge-like nickel porous 
body is filled with the "paste-like mixture and then is 
cri«d, even if both adid and alkali treatments are carried 
out as well, the improvement of the cycling life-time has 
been recognize., and the same result haa b*en obtained. 
The battary system is conatructed by utilizing a silver 
oxide as the positive electrode U instead of the nickel 
oxids, and then the cycling life-time is examined. The 
cycling life-time is improved and the silver oxide as well 
as the nickel oxide is effectual, owing to the fact that 
SP-value of the alloy material of the negative electrode 10 
i* 2.5 or bfcloV/ &nd irregularity on the surface is formed 
by both acid and alkali treatments. Therefore, as the 
positive electrode 11, metal oxides can. fc s US *d which is 
utilized a* the active material for the positive electrode 
11 of the >ik«!ine storage battery. 

Moreover, with the battery syst m being constructed 
by using the material of IK) and the three types of 
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separator, 12, th* amonn, of self-discharge is examined 
after the battery is fully charged and then leaves as it is 



at 45 C for a month 



.rs! 



separator 12 is made of a 



nonwoven fabric of * -^i v-r-, ; 

o, « i-cv^ide, second separator 12 is triads 

of a noawoven fabric of a polypropylene where surfactants 

are added so „ to improve hydrophiUc property, and third 

separator 12 is made of a nonwoven fabric of a 

polypropylene introducing .sulfonic acid group. l n the 

third separator 12, 55 to~60% of "discharge capacitance i 3 

maintained in comparison with the discharge capacitance 

before the prestation whereas discharge capacitance is- not 

practically detected in the first separator 12 and the 

second separator 12. it is effectual to use the separator 

12 which is made of the nonwoven fabric of the 

polypropylene introd"?/-! r CT ^iif n .i A , , , 

^--"••'s sjifonie acid group in order to 

discrete* ths a^lf-dlscharge. 

. Another embodiment cf the present invention will be 
described hereinbeiow. An alloy is melted by using a 
high-frequency furnace in the atmosphere of inert gas. The 
Alloy has the composition of Mm Si. . Co„ - Ai Mn 
which composition is the same as that of the 
hydrogen-occluslon-alioy shown in the first embodiment. 
The alloy obtained by the method of the rapid cooling i 3 
heated in the atmosphere of argon gas,- and then , without 
acid and alkali treatments, is crushed to make fine powder 
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whose diameter is 37 m or below. 

The resulting powder is mixed with . 5w « acrueoa. 
solution of a polyvinyl alcohol so as to make a paste-lifce 
mixture. Then, a sponge-like nickel porous body is flll6d 
with the pa.te-Uke mixture, and is dried in the same 
manner a, the first embodiment. After this, the electrode 
is immerse* in a KoH aqueous solution (specific gravity is 
1-30) for 12 hours. At this time., temperature is varied as 
follows.- 30, 45, 50, 50, SO, and 100°C. Then, 
hydrogen-occltt^on-electroda. as negative electrodes 10 are 
obtianed, by cashing, drying, and pressing. The surface is 
magnified and observed by a microscope vith" the alloy 
ponder 4 of the resulting hydrogen-oeclueion-alloy being 
separated. As a result, irregularity in the vicinity of 
the surface is recognized as sho«n in Fig. 2 , although . 
there is a difference caused by the difference of the 
immersin temperaturs. 

By cutting the resulting elactrodes, the 
hydrogen-occlu.ion-electrode* having a length of 80 mm and 
a width of 39 mm are obtained. These electrodes 10 have a 
capacitance enable off charge and discharge cf 1600 mAh or 
above. A cylindrical sealed battery of AA si 2e is 
constructed bv ^- h r-T^-o^^n ~ ^ . , 

conventions .ick.! positive eisctroa, u ot foami , g ra?tal 
ty«, and tm« battery has « capacitance of approximately 
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1000 mAh. The cycle test cf charge and discharge at 20°C 
has been carried out. The charge is carried out at 100 mA 
fo 15 hours, and the discharge is carried out at 200 m& to 
l.Q V/eell. The battery constructing conditions are shown 
5 below, and the result of "the cycle test of charge and 
discharge is shown in Pig. 7. 
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25 



limners ion no 

T«p.C°c> treat- 3 0 ~" " 45 " " SO 60 80 100 



As is apparent from 7; in the case q£ thfi battery 

(S-i) constructed by the hydrocen-occlusion-electrcde 
without immersing in the alkaline solution, the decrease of 
the capacitance is recognized when the number or cycles 
reach approximately 30. On the other hand, the cycling 
life-tins increases with the Increment of the immersion, 
temperature, when the electrode is immersed. However, when 
immersed in the alkaline solution of 100°C, the battery 
showa unusual behavior. This is because the weight cf the 
battery decreases. In order to guarantee the safety of the 
battery, the battery is provided with the safety valve 
which actuate? when the pressure in the battery becomes 10 
kg/cm or above. Thsrafcre, when inner pressure increases, 
the safsty valve actuates to discharege the electrolyte out 
of the battery, so that the weight of the battery 
decreases. Namely, this is because inner pressure of the 
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battery arcs* on charging. Therefore, it is consider- 
that when the electrode is treat. d at high temperatures, 
i.e. 100°C or above, the absorbing power of oxygen gas . 
decreases and the amount of hydrogen to be occluded 
electrochemioally decreases, so that the pressure in the 
battery arises. 

On the ether hand, the relationship between the 
cycling life-time and the immersion time in a KOK aqueous 
solution (specific gravity is i. 3 > is shown in Fig. 8 . I 
this figure, the cycling.aife-.time is represented by the 
number of cycles of charge-discharge where the capacitate 
decreases to 80% of the initial capacitance. As is 
apparent from Fig. 8 , the electrode can be immersed in th 
alkaline solution for 0.2 to 24 hours, when the battery i 
obtained which has the property of the cycling life-time 
more than 200 cycles. Moreover, the electrode 10 can be 
immersed in th* alkaline solution f 0 r 1.0 to 12 hours, wh 
the battery is obtained which has the property of the 
cycling life-time more than 400 cycles. 

As described above, even if the sponge-like nickel 
porous body is filled with the paste-like mixture of the 
alloy powder 4 and the 5 wt% aqueous solution of polyvinyl 
alcohl, is dried, and than, is immersed in the alkaline 
solution, numerous irregularities in the vicinity of the 
surface of th* alloy is formed go th£ , thig method &lgo 
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an effect on the property of the long life-time cf the 
battery. Jt has 4 good affftcfc on ^ eiectrode 1Q ^ ^ 

alkaline solution is held at 50 to X00°C and is maintained 
for 0.2 to 24 hours. More preferably, it has a better 
effect that the alkaline solution is held at 50 to 80°C ana 
is maintained for 1 to 12 hours. Although in this 
embodiment., the airline solution with a specific gravity 
of 1.3 is applied, experiment are additionally .made in the 
same manner using the alkaline solutions with a specific 
gravity of 1.05 to 1.45. ; From the result of the 
experiments, since alkaline solution with a small specific 
gravity has a few effects, it is necessary for the 
electrode to be immersed in the alkaline -solution for a 
long time in thi. case. Therefore, the alkaline solution 
with a specific gravity of 1.1 or above has a sufficient 
effect on the electrode 10. 

The other embodiment cf the present invention will 
be described hereinbelew. This embodiment relates the 
battery system which is capable of the decrease of the 
self -discharge. The alloy to be utilized as the negative 
electrode 10 is produced in the same manner as first 
embodiment. The composition of the alloy is represented as 
following fosrmuia. 

In this cast,, the smount of Hi and Mn is vsriad, namely, 
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value of X is chanced as follows: 0, 0.2, 0.3, 0.4, 0.6, 
and O.e. As a. result, six kinds of alloys whose 
compositions are different are obtained. These six kinds 
of alloys are milled with a ball mill so as to make powder 
having a diameter of 37 um or below. After this, in the 
same manner »s second embodiment, the sponge-like nickel 
body is filled with the paste-like, mixture of the alloy 
powder 4 and the 3 vt% aqueous solution of the polyvinyl 
alcohol, is dried, and then/ the resulting material is 
immersd in the KOH aqueous solution with a specific gravity 
of 1.3 at 80 °C for 12 hours, is washed with water, is 
dried, and .then, is pressed so that the negative electrode 
10 is obtained. 

In this case, three kinds of separators are 
13 utilized; that is, first separator 12 is made or the 

nonwovsn fabric of polyamide, second separator 12 is made 
of the nonwoven fabric of the polypropylene where 
surfactants are added so a3 to improve hydrophilic 
property, and third separator 12 is the nonwoven fabric of 
20 the polypropylene introducing sulfanic acid group. 

Although various methods for introducing sulfonic 
acid group are contrived, the following method is adopted. 
The nonwoven fabric of the polypropylene is immersed in 20% 
solution cf fuming sulfuric acid for a given period of tine 
so as to introduce sulfonic acid group to the 
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polypnea*. After this, th e fabric is Ir.ed in 
v«iou. concentration, o, sulfuric acid la ordM , ^ 
rirst step 50%, ttW fld step 60%, and third step 30%. 
- S tlv, the residual sulfuric acid is xmovmA by Washing 

with water, and r'^ar u ~ • 

«-a v ,ar., the fabric is dried. The resulting 

fabric is used as th« c?^i^ on = f-^^ 

cn- sconated separator. In this cese, 

th * " 0ttnt of < W °* 1 * 9r«op to b. introduced can be 

varied by th. «.th«. o< v„ y i» 9 th, tl„. <0 r i^e.-sing in 
the fuming sl!l f U ric acid. r„ this embodiment, the decree 
of sulfonic, 1, ,e ss ,re.i with .the Version time being 
varied from 1, to 90 .Inot... From fchl. revolt, s-velae i s 
described from 20 to 250 . s-value means th. number, of 
monomer, in the pel ypropviene to which one sulfonic acid 
?rou P i, introduced. Th. 3ealaa „i ckel . aydrogen , toraj . 

batteries of AA si ze , i a , ? . n ,-i , 

*.e. (f-i) to (F-13), having a 

discharce ca o* c' -\ c = . , 

. ^..c.ac* ^proximately 1000 mWi are 

assembled by combi.ig these abaters 12, the six kind, of 
the hydrogen-occlusion-electrod.. described above, and the 

conventonaj. nickel oo«i<-*ve n * / 

• - ' e eiec^-ode n of foaming, metal 

type as shown in Table 1. 
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Table 1 



Ba 1 1 er y " ' Compo si'ti on '~6'£ ~ Alloy ' SeoartoF 



(N- value ) 



P-l Mm 8 



^3.55 Mn 0.4 Al 0.3 Co 0.75 20 



P-2 



^ Nl 3.5E- Mn 0.4- A1 0.3 Co 0.75 23 



F-3 Mm Ni 



3.55 Mn 0.4 Ai 0.3 Co 0.75 53 



F-4 Mm Hi 3>55 «n Q<4 92 



P-5 Mm Nl 3t5 . M n 0#4 Al 0>3 Co^ 143' 



3. as 0.4 0.3 0.75 



t-1 M. Ni,_ 9J Uo _ 3 o= 0 _ 75 



250 

92 



15 F-8 



Mm Ni 3>75 Mn 0<2 A l Qi3 Co 0t75 92 



F " 9 "* Mi 3.65 Mn 0.3 Ai 0.3 C °0.75 



92 



F-10 m Ni 3>33 Mn Q>5 Kl Qu2 Co Q>73 92 



F-ll Mn Ki 3>l5 Mn 0#8 Co^ 92 



F-12 Mm Ni 3>55 Mn Q>4 u Co 0J Polyamide 

, (Conventional ex 



F-13 Mn Ni 3 ^ 5 Mn Qt4 AI 0>3 Co Q<75 Polypropylene 
, . ( Conventional ex 



« 

N-value means the number of monomers in the coiyorcoylan 
2o which one sulfonic acid group is introduced." 
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The self-discharge is measured as described below. 
The charge is carried out at charging rate of 0.1 Cmft- to 
150% relative to a nominal capacitance of 1000 mhh, and the 
discharge is .continued at 0.2 Cm A until the voltage becomes 
1.0 v at 20°c. Both the charge and discharge are repeated 
twenty times on the same condition described above, and 
then, the charge is carried out in the same career as 
described above; Next, the batteries are maintained at 
45°c for a given period of time after charging. Then, the 
discharge capacitance ijs jneasured in such a way that the 
discharge is carried out at the discharging rate or 0.2 CmA 
until the voltage becomes lv at 20°C From these results, 
retention capacity is ' calculated by comparing the resulting 
discharge capacitance with the discharge capacitance before 
preservation. In Fig. 9, storage period is plotted as 
abscissa against the retention capacity as ordinate 
concerning (F-l) to (F-5), (F-12), and (F-13). As is 
apparent from Fig. 9, when battery (F-12) applying the 
fabric of the polyaaide to the separator 12 and battery 
(F-13) applying the fabric of the polypropylene where 
surfactants are added are preserved at 45°C for 30 days, 
the retention capacity becomes 0%, namely, the degree of 
the self-discharge is 100%. 
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On the contrary, batteries <?-!) to (F-6>. using 
separators where »- values are 20 to 250, show an excellent 
effect. Namely, even if batteries are maintained at 45°C 
for 30 days, the retention capacity is 55 to 60%. However, 
when the battery is constructed by utilizing the separator 
12 made of the fabric of . the polypropylene (N-value = 20), 
short phenomenon arises between the positive electrode 11 
and the negative electrode 10 in proportion of one to four. 

This is because the increment of the sulfonic acid group 
causes the strength of the separator 12 to decrease. 
Moreover, when the separator 12 made of the fabric of the 
polypropylene (N-value = 250 or above) is applied to the 
battery, the time for injecting the electrolyte on 
constructing the battery is increased and the cycling 
15 life-time of the battery is decreased. This is because the 
amount of sulfonic acid groups become extremely smaller. 
ha a result, it became clear that the optimal N-value is 20 
to 250. 

?ig. 10 shows that the property of the 
self-discharge is varied, when the component of the alloys 
is varied with the degree of sulf ©nation being fixed. As 
is apparent from Fig. 10, although the retention capacity 
of the battery (?-?) utilizing alloy without containing Mn 
is superior to that of the batteries (P-12) and (F-13) 
shown in Fig. 9, the retention capacity is 40% or below 
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when maintaining for 30 days. However, when x i 3 0.2 or 
above in the foraul* of alloy, the retention capacity is 
40% or above after maintaining for 30 days. However, when 
x is 0.8 or above in the formula of alloy, equlibrium 
dissccaticn pressure of the hydrogen-occlusion-alloy 
decreases and the discharge capacitance becomes small. As 
a result, it is difficult to designe of the battery having 
a high capacitance. 

In this embodiment, the nonwoven fabric of the 
polypropylene having the porosity of 65% is used. However, 
when the battery is constructed by utilising the nonwoven 
fabric of the sulfonated polypropylene having the porosity 
of 70% or above, the strength of the separator 12 decreases 
and short phenomenon arises. On the other hand, when the 
sulfonated polypropylene having the porosity of 40% or 
below as the separator i 2 is used, the penetrating velocity 
of oxygen generated at the positive electrode 11 on 
overcharging through the separator 12 decreases, and the 
electrolyse into the separator 12 increases. Therefore, 
the absorptivity of oxygen gas on the surface of the 

negative electrode 10 d«c>-^»s#»^ ^ u ~ t 

^ -sses so tnat the increment of 

the pressure in the battery or -he leakage of the 
electrolyte arises. As a result, the porosity of 40 to 70% 
; is suitable for the sulfonated separator. 
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Moreover, polypropylene resin is used as on* example 
of a polyolef ins "resin in this embodiment. However, the 
same result can b s obtained even if polyethylene resin is 
used. Sulfonation is carried out by fuming sulfuric acid 
in this embodiment. However, the same result can be 
obtained by limiting the dagree of sulfonation as described 
above, even if the other sulfonating agents such as heated 
concentrated .sulfuric acid or sulfur tricxide are used. hs 
a result, this technique can be widely used by limiting the 
degree of sulfonation. - -■■ 

The above-described -embodiments are just examples of 
the present invention, and therefore, it viil be apparent 
for those skilled in the art that many modifications and 
variations may be made without departing from the spirit of 
the present invention. 



20 



25 




8NSOOCIO: <EP 0271<H3A1> 



0 271 043 

-33- 



& sealed atoraae faatf «r» ~ , 

9 oattery comprises a positive 

Strode including . metalUc oxlde M M a=tiva 

materia!, a negative eiectrode U0, including 
hydrogen-occiusion-aiiov powd£r u) capiwe ^ ^ 
diechargin, elactrochenlcallv hydrogen as a „ actlve 
Serial, an .l ki i ine electrolyte, and . separator ^ ^ 
ab.orbin, and holding the Win* electrolyte. The 
hydrogen-occlusion-aHoy ^ u) Ms a ^^^^ 

" c *=» 5 tw. a Prided with „™ er ou 8 lrr99Ulirifcles on 

the efface thereof, and „ae sr-value of 2.5 or below, 
which 8? - va i ue represent, a plateau characteristic o- 
•Suillbriu* praasure of hydr09en rslea3lng> nunerous 

-regularities on the surface of th e alloy ^ (4) 

causes oxygen being generated -r-™ 

9 9 atSd irom tne Positive electrode 
(ID to be eliminated promptly. 
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WHAT IS CLAIMED IS; 

1. A sealed storage battery comprising: 

(a) a positive electrode including a metallic oxide; 

(b) a negative electrode including 
hydrogen-occlusion-alloy powder having a cristal structure 
of CaCu_ type, being provided with numerous irregularities 
on a surface, and having sp- value of 2.5 or below, said 
SF-falue representing a plateau characteristic, of 
equilibrium pressure of hydrogen releasing; 

(c) an alkaline electrolyte ; and 

(d) a sep&rtor for separating said positive 
electrode froa said negative eisctrods, and for absorbing 
and holding said alkaline electrolyte. 

2. ft. sealed storage battery as claimed in claim 1, 
wherein a composition of said hydrogen -occlusion -alloy 
powder is represented by a formula, M Nix M'(5-jcJ, said M 
being a single element or combined elements selected from a 
group of Mm, Ca, zr and Ti , said M 1 being a single element 
or combined elements selected from a group of Co, Ai , Mn , 
Cu, Cr and Fe. and a value of x beina 3 or above. 



3. ft, sealed storage battery as claimed in claim 1, 

25 wherein sid positive electrode is nickel oxide. 
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4. A sealed storage battery as claimed in claim 1, 
wherein said separator is made of a polyolefine resin 
introducing a sulfonic acid group or its alkali salts. 

5. A sealed storage battery as claimed in claim 1, 
wherein Irregularity C n a surface of said 
hydrogen-occlusion-alloy powder is made by mechanical 
grinding cr eluting a part of alloy components into acid 
solution or alkaline solution. 

6. A sealed storage battery comprising; 

(a) a positive electrode including a sintered nickel 
electrode or a non-sintered nickel electrode made by a 
metallic porous body being filled with nickel compounds or 
a nickel oxide; 

(b) a negative electrode including a 
hydrocen-ccclusion-electrode made by an alloy having a 
cristal structure of CaCu. type, being represented .by a 
formula, Mm 1-X M lx Ni y M^, having SF-value of 2.5 or 
below, and having numerous irregularities on a surface 
layer of a powdsr of said alloy, said S?-value representing 
a plateau characteristic or equilibrium pressure of 
hydrogen releasing; 

(c) an alkaline electrolyte; and 
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(d) a separator for separating said positive 
electrode fret? said negative electrode, and for absorbing 
and holding said alkaline electrolyte, in said formula Km 
being misch metal, being a single element or combined 
elements selected from a group of Ca, Ti, and Zr with which 
said misch metal is replaced, » 2 being a single element or 
combined elements selected from a group of Co, hi , Mn, Cu, 
Cr, and Fe with which a part of nickel is replaced, x. y. 
and z being restricted by l>x>0, y>3.0, z>0 and 
4-7<y+ 3 <5.3 f said SF-vaJjie representing a plateau 
characteristic of equilibrium pressure of hydrogen 
releasing being calculated by an equality i.e. S?-value - 
in (P H/M . 0.75 / P„ /M - 0.25). 



l5 - 7 * A sealed storage battery as claimed in claime 6, 

wherein hydrcgen-ccdusion-alloy powder is represented by 
m Ni 3.93-x Mr5 x A1 0.3 Co 0.75' in which 0,8>x>0.2. 

8. A sealed storage battery as daisied in clain 6, 

20 wherein said separator is a porous body cf a polyciefice 

resin introducing a sulfonic acid group or its alkali 
aalt3. 



25 



9. A sealed storage battery as claimed in claim 6, 

wherein saicf^separatcr is made of a pciyoiefine resin 
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introducing * sulfonic acid group or its salts, and the 
number of nortcmers of polyolefine to one sulfonic acid 
group or Its salts is limited from 20 to 250. 

5 10. A sealed storage battery as claimed in claim 6, 
wherein said separator made of a polyolefine resin 

introducing sulfonic acid group or its salts has a porosity 
Of 40 to 70%. ' 

10 11. A method for making an electrode of a sealed storage 
battery comp:<risinc the steps of: 

forcing a hydrogen-occlusion-electrode by a metallic 
porous body being filled with hydrogen-occlusion-alloy 
power; and 

15 forming fine irregularities on a surface layer of 

aid hydrcgsn-ccclvision-alioy by immersing said 
hydrogen-ccclusicn-electrode in an acid solution or an. 
akaiine solution so as to elute a part of alloy components. 

20 12. A method for making an electrode of a sealed storage 
battery as claimed in claim 11, wherein said alkaline 
solution is a potassium hydroxide aqueous solution having a 
specific 'gravity of 1.1 or above, temperature of said 
solution is in the ranee from 45°C to 100°C, and said 

25 immersion tirr-e is in th* fangs from 0.2 hours to 24 hours. 
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13. -A method for making an electrode of a sealed storage 
battery as claimed in claln l2 , wherein said teinperafcur3 of 
said alkaline solution is in the range from 50°C to 80°C, 
5 and said immersion time is in the range from 1.0 hour to 12 



hours . 
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